Modulation of adenylyl cyclase by FPP and adenosine involves stimulatory and inhibitory adenosine receptors and g proteins.
FPP and adenosine modulate the adenylyl cyclase (AC)/cAMP signal transduction pathway in mammalian spermatozoa to elicit a biphasic response, initially stimulating capacitation and then inhibiting spontaneous acrosome loss. This study addressed the hypothesis that responses to FPP involve interactions between receptors for FPP and adenosine, the biphasic responses involving stimulatory and inhibitory adenosine receptors. Gln-FPP, a competitive inhibitor of FPP, significantly inhibited binding of an adenosine analogue and responses to adenosine, especially in capacitated suspensions, consistent with interaction between FPP and adenosine receptors. CGS-21680 (1 microM), a stimulatory A2a adenosine receptor agonist, significantly stimulated capacitation and cAMP in uncapacitated cells, while cyclopentyl adenosine (1 microM), an inhibitory A1 adenosine receptor agonist only affected capacitated cells, inhibiting spontaneous acrosome loss. Responses to FPP and adenosine were inhibited in uncapacitated cells by a selective A2a antagonist and in capacitated cells by a selective A1 antagonist; subsequent investigations indicated possible involvement of G proteins. Like FPP, cholera toxin stimulated capacitation and cAMP production in uncapacitated cells, suggesting involvement of a G protein with a Galphas subunit. In contrast, pertussis toxin prevented FPP's inhibition of both spontaneous acrosome loss and cAMP production, suggesting involvement of a Galphai/o subunit. Immunoblotting evidence revealed the presence of proteins of the appropriate molecular weights for Galphas, Galphai2, Galpha i3, and Galphao subunits. This study provides the first direct evidence suggesting the involvement of two different types of adenosine receptors and both Galphas and Galphai/o subunits in the regulation of capacitation, resulting in modulation of AC activity and availability of cAMP.